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- oorrection  factor  for  linearised  velocity  due  to  angle  of  attach 
(sea  eq.  4*1) 

“ chord  of  flat  plate 

K sound  speed 

= center  of  pressure  with  respect  to  loading  edge 


aerodynamic  coefficient  based  os  one  chord  length 


CO 

r ,2 


complementary  error  fraction  defined  by  erfe  (s)  = J 6 dr 

fTT  'i 

exponential  function  defined  ty  exp  (a)  * ea 
bq 

(see  ea.  5.3) 
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>2—  = for  air,  proportional  to  reciprocal  of  rare- 

Ucc  1-5  M» 

faction  parameter  'x 
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oment  correction  factor  (see  eq.  5.6  and  HID  2720) 


* normal  force  correction  factor  (see  eq*  4*11  and  HID  2719) 

= quantity  in  moment  relation  defined  ty  eq.  (5*2) 

- net  moment  about  Treading  edge  of  plate  (both  sides),  positive  in 
c.c.  rotation,  per  unit  of  span  length 

- ^ . - — - — 

= net  force  acting  normal  to  plate  (both  sides)  per  unit  of  span 
length 


p = pressure 

b U oo 

Recc  = — |j — , free  stream  Reynolds  number  'cased  on  chord  b 

s parameter  ~cf  the  Laplace  trams  fora 

T «■  total  fores  acting  tangent-  to  plate  (both  sides)  per  unit  of  sfan 
length 

u = component  of  velocity  parallel  to  plate 

Uoo  ■ free  stream  velocity 

U - velocity  parallel  to  plate  from  linearised  supers onic  flew  theory 
(see  eq,  4,1) 

v = component  of  velocity  normal  to  plate 


kohsscla  run  (COW ID) 


x = coordinate  along  chord  of  plate 

y - coordinate  ncrral  to  plate 


“ angle  of  atiacks  radians 
3 = slope  of  the  ui-aplacenent  thickaeB  s function 

15  - 1*4  for  air j ratio  o?  specific  heats 

S”  c displacement  thlcknesc  function 

8 - — j non-diaensional  distance 

X U 

X = 1,5  }L  (approx.)  for  air,  aclecular  Dean  free  pate 

c 

h = p J , aecbanical  viscosi^ 

/ ■ ala*"1  lylfi^  9 leek  aagls 

t a kiaaeatic  riacoaity 

P ■ #lt-  density 

Safas  asAgfo. 

i - 1,  upper  surface  of  plate  j * 2,  lover  surface  of  plate 

oo  ■ free  etreaa  condition 


D * drag 

1 - lift 


U = cccerrt 

N B nornal  to  plate 

7 = tangential  to  plate 

SlSfflTP.SlAPig 

1 c velocity  perturbations 

- = Laplace  tranc  ferae 
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1.0  imCPPCTIOH 

Tbs  the  ary  initiated  V Ref.  1 concerns  the  drag  coefficient 
for  tne  Z1& t plate  at  zero  augle  of  attack  in  tbs  alip-flcs  re id-BO  of 
nsrc^fnau 'cs.  Experimental  verification  of  the  basic  results  of  cir‘-e 
theory  was  obtained  in  Ref.  2 in  which  measurements  of  the  coeffi- 
cients of  flat  plates  f/Sre  reporiadj  covering  the  Conditions  2.3<Mqq< 
3.6,  30<AeOe<18S0,  and  0.0g<H oo/V^e,  < 0.39  (2/,<  * <12.3). 

It  is  the  purpose  of  this  analysis  to  investigate  tbs  aero- 
4ycfijric  properties  of  a thin  flat  plate  at  snail  poeitive  angles  of 
attack  along  the  lines  of  that  theory.  Specifically  this  analysis 
studies  the  drag,  lift,  and  mcnent  on  the  flat  plate  operating  in  air 
under  slip-flow  conditions  at  very  3 sail  angles  of  attack*  The  analysis 
was  simplified  ty  first  as  strain  g that  ideal  linearized  supersonic  flow 
conditions  obtained  near  the  plate,  and  then  mking  first  order  correc- 
tions for  the  effects  of  viscosity  and  slip  and  for  the  angle  of  attack. 

2.0  RESULT?, 

The  results  of  the  analysis  are  contained  in  the  quantities 
C„,  the  tangential  force  (i.e,  skin  friction)  coefficient j the  nor- 
mal force  correction  factor'}  and  the  aoaenrb  correction  faster-.  Tbs 
correction  factors  refer  to  the  normal  and  accent  coefficients  d the 
flat  plate  as  determined  by  ideal  linearized  supersonic  flow  theory. 

Graphs  of  C^,  K>(|  and  Ky  versus  fltelo  /M»  , tbs  reciprocal  of  the  rare- 
faction parameter,  for  - 2,  3»  anu  4 -re  presented  in  mire  2718, 

2719»  and  2720  respectively. 

The  aeroctyrsaic  coefficients  C-,  C,,»  and  C„  were  s-rr.lmted 
as  functions  or  «.  up  to  terms  of  the  first  order  in  i4  with  iodis- 
ing results.  The  tangential  fas' c«  coefficient  G^  is  independent  of  <x 
but  varie3  almost  directly  with  the  rarefactioc  parameter  in  tbe  slip- 
flow  region.  The  normal  force  coefficient  C„  is  proportional  to  c<  and 
to  Kj,,  but  the  faotar  1^,  doeB  not  differ  appreciably  fros  unity  at  aiy 
rarefaction  condition  (in  fact,  ty  lees  than  20*  provided  1*^=-  "w * To* 
accent  coefficient  hes  almost  the  identical  character  of  0y.  From 
these  considerations  there  results  that  if  ct  is  of  iniinitesiaxU  order, 
the  drag  coefficient  G^  is  independent  of  <x  and  may  be  taken  eq  nl 
G*p  evaluated  for  zero  angle  of  attaok. 


Ca  the  oiner  bend-  the  lift,  coefficient  G-  is  proportional 
to  c<  and  depends  strongly  upon  e negative*  contribution  due  to  ftm  which 
beo  ernes  increasingly  significant  at  the  higher  altitude  operating  con- 
ditions. However,  it-  appears  that  the  lift-  curve  slope  dC*/dc<  r*t  Km  07 


«2- 


KYD  2751,  is  always  positive  and  tends  dsoreasiagly  -toward  its  ciniartsj 
at  the  higher-altitude,  higher-speed  conditions.  Also  according  to  this 
aralyai?,  the  center  of  pressure  f&llE  just  forward  of,  but  ea Ber.-tlaJ 3y 
at,  the  half-chord  position  at  all  altitude  conditions  whan  K ^ ^ 2, 


3.0  umM&kises 


The  friction  force  function  T(x)  due  to  via  cosily  acts  tan- 
gent to  the  plats  surface  and  iff  defined  for  one  surface  of  the  piste 
and  y eos:i?tant  to  be 
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The  tangential  for  os  T,  per  unit  of  spar  length  acting  cn  the  upper  sor- 
fact-  cf  the  plats  is  attained  frorc  sq,  (.,)  _f  Ref,  2,  part  II,  as 


(3,1) 


A corresponding  relation  is  found 

'Tha  total  shear  fence 
by 


f-.r  T.  -n  the  lower  evrrfausc 

per  -x.  it  cf  span  length  is  ti*jn  given 


T 


T.  + T, 


(3.2) 


Sinor  IT-  and  are  furctions  cf  th-  angle  .f  attack  , tie  quantity 
T la  6l*.-»  Hetue  for  values  cf  a.  near  cf.  ; £,  T Jay  be  written  ae 


T (<*!  - T ( 0 ) + T '<o)°<  + y t"(c)«2  + * ■>  * 


where  the  primes  denote  differentiation  with  rasps..!  tc  of  , Only  the 
first  twe  ten  a are  retained,  and  upon  substitution  of  c q,  (3«3).  T (°0 
say  be  written  as 


T i°f ) = T s o 


T-( O ) 


c< 


0T, 

dU, 


d ut 

d «. 
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3T 2 d Ug 
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C.  it  is  readily  seen  that 

3T,  _ 3T? 

<|  L/  \J  2 


T,  (o  ) = 


, , , -TJi  - - and 

'2lC'!  SU,  3U:  ' 


Ct  i J 2 

ct<x 


When  c* 


d u, 

d<* 


ay  employing  these  relatione  in  eq,  (3e3)  it  is  found,  ns  might  have 
been  expected j that  up  to  terns  of  order  o(  , T(o(.)  reduces  to 


T {<*)  = 7, 1 0 ) + T*{ 0 ) = 2 T,  ( 0 ) 


Thus,  the  total  tangential  force  on  the  plats  is  essentially  constant- 
over-  a snail  range  of  ^ near  c*  • 0*  It  iS  given  for  ear.h  unit  of 
span  length  by 


^nU®  I _ . / 


--  i hi.  n i 


- 1 u 

H U 


V x*u 


, /l/  vu  \ 

>rrr  I !! 


fTT1 


00 


\r  x*  U»/  /tT  If  x£  ^ 


(3*4) 


For  a gas  with  Y ■ 1.4,-  it  is  known  that  XC 
(Ref,  3 p»  214,  82) j hence, 
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(3.5) 


Equation  (3o4)  say  now  be  written  in  the  sore  convenient  fora  in  the 
case  of  air i 
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s*p  lJ09)erfc  (j*)  -'  » + I^r.  i 
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(3.6) 


The  quantity  in  the  second  set  of  braces  is  the  tangential 
faroe  coefficient  C_.  A graph  of  C_  ver*ua  L/Ke^/Ma,  for  x 2,  j 
and  4 is  shown  in  BID  2718. 


In  order  to' compute  the  force  acting  normal  vo  the  plats, 
the  pressure  coefficient  on  tbs  plate  is  aseisaed  the  same  as  that  on 
a body  in  ideal  linearised  supersonic  firm,  having  the  shape  drtermjlrcd 
ty  the  displacement  thiotnesses  5,  (x)  end  S*  (x)  cm  tbs  upper  and 
lcmoi  surfaces  respectively.  is  will  be  shows  is  tbs  <*-*«*  r.f  slip  flow 
at  snail  angles  of  attack,  this  Bdisp2aee®©nt*  bo^T  fill  lave,  essen- 
tially, a sheen?  leading  edge  (determined  ty  0 (0)  - x/l,5  1%  far  a gas 
having  ft  * 1.4) , This  iwplies  that  no  assumptions  need  be  mads  con- 
cerning the  presence  of  a normal  Bhock  wave  at  the  leading  edge  of  tbs 
^placement  body,  as  may  perhaps  be  necessary  in  the  case  of  no-slip 
flow,  is  in  the  evaluation  of  the  tangential  force , all  effects  that 
may  occur  in  the  vicinity  of  the  sides  and  trailing  edge  of  the  flat 
plnte  arc  emitted  here*  The  shape  of  the  dis placement  bc-dr  in  deter- 
mined free  the  unit  ora  parallel  velocities  end  U^,  above  and  below 


the  plate  respectively,  of  idssi  tcrr  dir^nslourl  rnper*osd-« 

flcsr  theory  for  the  flat  plats,  as  follow*  - 

The  velocity  components  £a«f*  4;  eh.  11)  ooMaribtrting  tc 
the  resulting  ideal  velocities  IS^  &a d It,  are  sfaois  is  E15  2717o  BL  aad 

IL  are  uni  fora  and  parallel  tc  the  plate  vita 


J,  “ U-COS  « * U£ 


sin  ot  ssni^+ct } 


u,  = u-  cos  o<  - u, 


sin  ct  »ir»  fp'-O 
COJ  { p'-oO 


3y  noejac  of  elementary  trigeacsnotrlc  relation  aad  ‘the  ’■elation 
sin  ji1  e V^oo  t these  reduce  to 


, whe^e  a.  = cos  «*.  - 


sin  oc  1 


Ml-  I 


U.D 


Ut  = 


Uoo  . , sin  * 

— i where  c,~  cos'x  + — — — 


rspr' 


Because  the  norml  force  is  tc  bs  evaluated  only  up  to 
teras  of  order  X , the  subetitutioos  ecu  OL  ■ 1 and  sin  oc  » o(  appear 
warranted  at  this  point,  Hrt,  u Till  be  seen,  this  loads  to  ao  eaaea- 
tl&l  simplification  of  the  analysis* 


Tat  displacement  thickasss  ® UJ  along  one  rtxfaoe  or 
the  plate  is  determined  by  the  Telocity  distribution  u(x,y)  for  that 
surface,  as  follova.  A flat  plate  of  chord  b lying  along  tbs  ■ — ■ ~ - 
with  the  leading  edge  as  origin  is  riroaiised*  ores*  shieh  ia  flowing  & 
uniform  stxeaa  with  velocity  U parallel  to  the  plate  surface  i*  tun 
positive  x-direotion.  The  rtea^  two-dlaeaal opal  boundary  layer  equa- 
tion for  the  velocity  caaponoats  n aad  v near  the  surface  ia  CBef..  5, 
P.  135) 


Li  — 

4 * 4 v 


(4*2) 


This  equation  is  linearised  hj  considering  b perturbatioo  n an  the 
Tm.i f tyre  velocity  Uj  via, 

v.  6 U ♦ u with  |u  I <<  U 


V ■ V 


with  v 


« U 
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Upcffl  substituting  those  relations  into  eq.  (4*2)  f expanding , afcci  neglect- 
ing tents  o?  second  order  m the  perturbation,  there  results 


0 a 

V 

O ^ 


At  tbs  surface  of  the  plate  slip -floe  theory  for  diffuse  reflection  gives 
tho  boundary  condition  (Ref*  1) 


. I . / 

0 + u. 


y " 0 


/ - , « 
(4-*  4) 


Equation  (4*3)  with  boundary  condition  (4*4)  oar  he  solved 
for  tba  perturbation  velocity  u‘(x,y)  quote  conveniently  by  nears  of 
Laplace  transferee  defined  by 


oc 


The  transforms  of  eqs.  (4.3)  and  (4*4)  are 


df  c? 

u S U1  = 0 — J (4.3) 

d y 
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d g . 

d y J 


yi0 


(4*4) 


Sqtatian  (^.3)  is  an  erdiixrry  differential  equation  with  boundary  con- 
dition (4*4)  and  has  the  gwovral  solution 


u‘ 


f /ur  \ 

= c,  exp\f  — y/  +C2ssp 


V'  M 
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l mm  * m 

T«e  rfcquirea&ent  that  u and  hence  u shall  vanish  fag1 
large  j iarlies  that  -=  0.  The  constant  is  de^raiiKwi  by  ths 

boundary  condition  (4»Z) ? hence, 


u (s,  y)  = 


~ ■ / ! T . i v 

' J «p  (-  Ft-»; 


-UfTFy 


/ i:  J ’ 

5 ' * ’ 5 


(4.5) 


I 

If  ra quire d.  tbs  psrtiarbation  v.  (x,y;  my  be  fotmd  ty  applying  Eef.  6, 
p.  300,  ao«  86  to  eq,  (4*3)* 

The  displacement  thickness  S (x)  defined  ty 


o * 
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CO 
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W v 
“ / 


bis  la  view  of  eq,  (4»5)  the  transfara 


dy 


sfT( 


+ fU) 


iy  wane  of  Ref.  6,  p.  297,  no.  45>  the  displacement  thickness  &l»g 
the  plate  surface  is  found  to  be 


$*U ) = X 


Gu6) 


It  my  be  of  interest  to  point  out  that  the  cUoy!»osss;rt  ihiekrs*?*  a 
tbs  case  of  slip  flow  is  not  parabolic  as  it  xb  in  the  case  of  no-clip 
flow* 


The  slops  0 (x)  of  the  diaplacewiit  thickness  will  be 
particularly  required  in  evaltAting  the  absent  of  the  forces  on  the 
plate  stsrface  and  la  fen  rod  directly  frae  eq . (4*6)  to  be 
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xU 


e * o 


"ITT1 

x!u 


's 


(4,7) 


0 y 

Thus,  p (x)  is  a decreasing  function  of  x situ  its  sarima  -">*U  > 
occurring  at  the, leading  edge  (i.e.  x * 0).  For  air  Xc  * 1*5^5 
hence,,  0 (0)  c i/l.5u*  This  implies  that,  for  aodersite  Ifiach  zrowbersj 
the  co&e  of  the  displaceoent  bo<^  appears  sharp  in  the  approximate 
theory  being  presented, 
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Tbo  flat  plate  at  the  *r*ll  angle  of  attack  cx  with  re- 
spect to  the  naif ora  streaa  of  velocity  U*,  Sill  lave  on  its  uppersur- 
£&ce  the  displacement  thickness  S*  (x)  given  ty  eq.  (4.6)  upon  sub- 
stituting fee*  U In  eq«  (4.6)  the  quantity  of  eq.  (4,1)  t 


8*(*> 


_i.ES 

mTiTu* 


(4.B) 


Correspondingly,  S^z)  obtained  for  the  lower  surface.  The  elopes 
/^(x)  and  ,9  ^(x)  are  not  large  at  % = 0 and  decrees®  fairly  rapidly 
with  xj  hence,  the  appradsations  fi.(x)  * tan^/3,  (z)  s,ad/i„(*) 

"1  rt  — A A 

■ tan  fipix)  are  valid  over  aoet  of  the  plat®. 


A.i  expression  for  tbs  net  force  I per  unit  of  span  length 
acting  norsel  to  the  plate  surfaces  iB  now  found  from  Bef.  4,  pp.  198- 
200,  as 


(4.9) 


As  in  the  ease  of  the  tangential  force  T,  only  the  first  two  terse  of 
the  expansion  of  F c N(°<  ; in  a power  series  in  c<  -tout  Of  «=  0 are 
retained.  Tina,  H(o<  ) “ s(0)  ♦ C<  5*(0)  = °(  Jf  (0)  because  tbs  con- 
stant iera  N(o)  vanishes  tnxm  pgtting  <X  “ 0 in  eq.  (4,9) . In  view  of 


^GTssil  fores  j sq-  (4-9)  > beerses 
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/ J b \ . /'■/ob 

exp ! — — lerrc  ' : 


X uJm>  l ' V x"  U-'  v | X“  u 


0 > OQ 


-v’  of  aq.  (3*5),  fl  aay  be  written  in  tbs  case  of  air  as 


) I 9 1 j 4 Z 2 

N - ) — 0 I i h M ■~^=F=~  I ■+■  7=== _ exp  (J  )erfc  (j  ) 


(4*10) 


The  quantity  in  the  second  set  cf  braces  is  the  acpsal 
force  coefficient  of  the  flat  plate  including  vis coolly  and  slip 
effects*  Tbs  quantity  4 J j/  --  | is  the  naraal  force  coeffi- 

blent  for  the  flat  plate  in  the  ideal  two-diaensicnal  supersonic  flow 
(be'\  4,  p*  20C) * Thus,  the  factor 


kn  = 1 + 


3 


exp  ( jw  ) erf  c Uoo ) 


(4*11) 


:ce -resents  a correction  to  the  iisal  ncrxnl  fares  coefficient  to 
account  for  viscosity  and  slip#  A graph  of  vs.  /2e x /ti  tap 

■ 1 -o  ~ 2.  3*  and  4 is  shears  in  HT5  2719 • 

5.0 

The  center  of  noeaent  is  taken  as  the  leading  edge  of 
•.!*  plate  (x  = 0)  and  the  acaent  is  considered  positive  if  the  aero- 
't'ianic  forces;  tsad  to  rotate  the  plate  in  a counterclockwise  direc- 
lion#  The  tangential  streSB  contributes  nothing  to  the  aaaent  because 
V a plate  thickness  was  aaptsad  to  be  *ero#  The  noaeni  per  unit  of 
s'.r^  length  ‘is  then  ziven  br  (fief.  4.  p.  201) 
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vbere  for  convenience  the  following  designations  were  a&des 
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3?  »aane  of  eqa*  (3*5) » (4*1) t (4*7),  and  the  stjhwtitytioo  0-jiot  — i 
ea.  {5*2.)  becoaes  1 b 

m-ioOs— • T—  / (3  exp  (0  ) erfc  (f^l  dfl 

b Jwo( 


This  aay  be  integrated  parts  with  the  result 


rf\  (<*  ) - 


bH; 


ih.-! ) eip  (H-J  erfc  fc?)-r  ! + (-y  - i)  j (5J) 


where  - jj,  a^  and  a^  la  given  in  eq,  (4*i)# 

As  in  ths  preceding  oasaa.  coJy  thn  first  tao  twrwe  of 
the  series  expansion  Qfl“l(c<)ina  power’  aeries  ia  o(  aboct  oC*0 
a:<e  retained*  The  constant  terw  la  seen  to  veniah,  airoc  is  aq*  (5*1) 
0 1Ct)  * £2(x5  vbea  C. 

In  view  of  the  relatione 
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tfcs  moment  given  fcy  eq.  (5»1)  becomes*  up  to  order  oc  $ 
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calculated  directly 

from 

and  upon  substitution  into  eq.  (5*4)  together  with  the  relation 
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?or  o q o j with  J ~ i-4  , 


yields  the  final  expression  for  the  moment  about  the  leading  edge  in 
the  case  of  air* 
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2 ot 

The  quantity  ^ J-  r is  the  sonant  coefficient 
for  the  flat  plate  according  to  ideal  linearized  supersonic  theory 
with  the  leading  edge  as  sacsnt  center s Th’JB,  the  factor 


K y ■ 


as  in  eq* 


r t l \ 


represents  a correction  to  be  applied  to  the  ideal  scnaut  cuwmclegt 
to  account  for  viscosity  and  slip*  A graph  of  far 

U ^ = 2,  3?  and  4 is  shewn  in  HID  2720* 


5he  ftwe'iiioas  C».  aad  1^.  are  eufficiaat  to  describe 
the  tawl  aero^roiuii*  grspertiaa  cf  tap  flat  plate  opera tinf  la  air  at 
Sires  rala-5  of  « j I ai i aod  ?he  drag  oeeffieisct  C*  am 

the  lift  eoeffisfrst  are  ji«r  ^ 


C0  = CT  cos**  C„  sin  c*  = CT  (64.) 


CL  » Ch  CO*K-Ct  sinoc  S 
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CT 


(6u 2) 


whsa  t«rM>  nely  rgs  to  order  c<  are  retaia^d  (i*e®  o'  infinite  sisal) . 
fho  p^pha  of  ( — ^ , HID  2721,  ahot  it  to  he  beteeau  0*41  and 
2*51  for  all  prodded  2 = Mw  = 4, 

The  aowcnt  coefficient  with  reapact  to  the  leading  edg® 

ia  gitca  ^ 
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5®p*;  eith  refsrasc*  to  the 
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la  the  ideal  Id  'jsarieed  theory  the  cerrtar  of  pressure  falls  at  tbs  half- 
ohari  poeiiloco  Calculation*  a?  e,p,  according  to  eq«  (0*4)  sheer  it  to 
he  ■lightly  fosmrd  of  that  location}  ia  fact* 
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Th<~??  the  center  of  pressure  renains  essentially  at  the  belf -chord 
position  «u*u  ths  piste  iz  cpsruiing  under  slip-fin*  renditions. 

The  acysprtotic  funs  of  G^-X^,  and  5^  for  \ ReTO  /H&+0 
,-sd  l^Re  ' /■«  — « are  listed  below.  Those  are  useful  for 


acasputation  purposes  j,  but  should  not-  b®  oons+*ru»d  as  being  valid  in  the 
free-aolacule  and  continuun-flo*  regions  raspestive3y6 


mz 

Moo 

~ OO  J J00'V» 0 

M* 

l 

°I 

16 

3ffP  JoqM^ 

! 

£> 

1 1 

5Mao  KM«“I 

1 if*? 

_ / 1 2 \ 

4 

| j,  - 

3M«  /«*-•' 

9(rp 

'13- 


r?  a ''nirrir.T r-sv 


1*  Tbs  fiat-plat*  slip -flow  theory  of  Ref.  1 b&«  b**n  ex- 
tended  to  include  the  s.srodraanic  coefficients  0-,  Cj^  and  2^  at  very 
2ss.ll  angles  of  attack. 

2,  xbs  ocefiicisjai  C-  ssail  angles  of  attack  aay  be 
mken  eq*oal  to  the  skin-friction  coefficient-  aa  present*!  in  Ref*  2,  part  II. 


3*  The  sidn-iTiotioE  stresses  land  to  reduce  at  high 
• "i ,ti .tnds  - high-* p*ed  conditions  • 

4*  the  Mcaeot  oo*ftfi cleat  Gw  will  not  be  significantly 
greater  in  slip  flew  than  2 <X  f { M ^ - t 1 , it*  Tala*  derived  fro*  ideal 

linearized  two-dimensional  srparsonic  ccatiaeasi-floe  thocsy. 

5.  In  general,  except  tar  the  akin  friction  coefficient, 
ths  corrections  to  be  applied  to  the  aerodynamic  forwrQaa  of  linearised 
supersonic  theory,  which  account  for  viscocity  and  slip,  will  not  be  sig- 
nificant in  the  slip-fleer  region  of  aerodyne*!**.  The  oorreotioa  factors 
involved  vai7  between  1 and  1.06  whet  2 ■ loo  * 4 and  2.5  * |fT5e^o/tow“  12*5# 
conditions  typical  of  operation  in  the  fc#  3 51 nd  runnel  (Ss?»  7)s 
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